PDGFRα promoter polymorphisms and expression patterns influence risk of development of imatinib-induced thrombocytopenia in chronic myeloid leukemia: A study from India.
Platelet-derived growth factor receptor has been implicated in many malignant and non-malignant diseases. Platelet-derived growth factor receptor-α is a tyrosine kinase and a side target for imatinib, a revolutionary drug for the treatment of chronic myeloid leukemia that has dramatically improved the survival of chronic myeloid leukemia patients. Given the importance of platelet-derived growth factor receptor in platelet development and its inhibition by imatinib, it was intriguing to analyze the role of platelet-derived growth factor receptor-α in relation to imatinib treatment in the development of imatinib-induced thrombocytopenia in chronic myeloid leukemia patients. We hypothesized that two known functional polymorphisms, +68GA insertion/deletion and -909C/A, in the promoter region of the platelet-derived growth factor receptor-α gene may affect the susceptibility of chronic myeloid leukemia patients receiving imatinib treatment to the development of thrombocytopenia. A case-control study was conducted among a cohort of chronic myeloid leukemia patients admitted to the Lok Nayak Hospital, New Delhi, India. A set of 100 patients of chronic myeloid leukemia in chronic phase and 100 age- and sex-matched healthy controls were studied. After initiation of imatinib treatment, the hematological response of chronic myeloid leukemia patients was monitored regularly for 2 years, in which the development of thrombocytopenia was the primary end point. Platelet-derived growth factor receptor-α promoter polymorphisms +68GA ins/del and -909C/A were studied by allele-specific polymerase chain reaction. Platelet-derived growth factor receptor-α messenger RNA expression was evaluated by quantitative real-time polymerase chain reaction. The messenger RNA expression results were expressed as 2-Δct ± standard deviation. The distribution of +68GA ins/del promoter polymorphism genotypes differed significantly between the thrombocytopenic and non-thrombocytopenic chronic myeloid leukemia patient groups (p < 0.0001). Moreover, +68GA del/del and ins/del genotypes in imatinib-treated chronic myeloid leukemia patients were associated with an increased risk of developing thrombocytopenia, with odds ratios 6.5 (95% confidence interval = 2.02-0.89, p = 0.001) and 6.0 (95% confidence interval = 2.26-15.91, p = 0.0002), respectively. Similarly, -909C/A promoter polymorphism genotype distribution also differed significantly between thrombocytopenic and non-thrombocytopenic chronic myeloid leukemia patient groups (p = 0.02), and a significantly increased risk of imatinib-induced thrombocytopenia was associated with -909C/A polymorphism mutant homozygous (AA) genotypes the odds ratio being 7.7 (95% confidence interval 1.50 to 39.91, p = 0.009). However, no significant risk of imatinib-induced thrombocytopenia was found to be associated with heterozygous genotype (-909C/A) with odds ratio 1.9 (95% confidence interval = 0.86-4.56, p = 1.14). Platelet-derived growth factor receptor-α messenger RNA expression was significantly higher in chronic myeloid leukemia patients compared to controls (p = 0.008). Moreover, patients with imatinib-induced thrombocytopenia had a significantly lower platelet-derived growth factor receptor-α messenger RNA expression, compared to patients without thrombocytopenia (p = 0.01). A differential expression of platelet-derived growth factor receptor-α messenger RNA was observed with respect to different +68 GA ins/del and -909C/A polymorphism genotypes. The +68GA deletion allele and -909A allele were significantly associated with lower expression of platelet-derived growth factor receptor-α messenger RNA. The platelet-derived growth factor receptor-α +68GA del/del, +68GA ins/del, and -909AA genotypes are associated with an increased risk of developing thrombocytopenia in imatinib-treated chronic myeloid leukemia patients. A significantly lower platelet-derived growth factor receptor-α messenger RNA expression accompanies the +68GA deletion allele in an allele dose-dependent manner. Platelet-derived growth factor receptor-α -909AA genotype is also associated with lower expression of platelet-derived growth factor receptor-α. The downregulation of platelet-derived growth factor receptor-α expression may play a causative role in imatinib-induced thrombocytopenia, a common side effect, in the subset of chronic myeloid leukemia patients with platelet-derived growth factor receptor-α +68 GA ins/del, +68 GA del/del, and -909C/A genotypes.